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This invention relates to the production of ethylene oxide by the epoxidation of ethylene in the presence 
of a silver-based catalyst. More particularly it relates to an improved process for ethylene epoxidation using a 
feed gas mixture containing 30 to 90 mol% ethylene ballast. When compared with currently used feeds which 
contain 20 to 30% ethylene, the use of an ethylene ballast allows lower operating temperatures along with 

5 slightly higher selectivities, and addresses many of the problems which are known in the art. This invention 
demonstrates that using ethylene as the ballast gas in ethylene epoxidation is effective, contrary to what is 
implied by related art; and, it would be a major improvement over the use of methane ballast, which entails 
considerable initial capital investment in methane purification facilities. 

It is known in the field of ethylene epoxidation to introduce inert diluents into the reaction zone in order to 

10 obtain optimum reaction conditions and/or to avoid the presence of mixtures which are flammable under spe- 
cific conditions employed. These diluents are called ballast gases or cycle gas diluents. The effectiveness of 
a number of gases as ballast components has been claimed. Ballast systems disclosed in the past have in- 
cluded methane, ethane, nitrogen, carbon dioxide, and mixtures of two or more of these. 

Hydrocarbon ballast gases have a higher heat capacity and thermal conductivity than nitrogen; they fa- 

15 cilitate a higher safe oxygen concentration in the cycle gas and assist in moderating the peak reaction tem- 
perature. The goal is a higher yield of ethylene oxide at a fixed productivity, or a higher productivity with the 
same reactor volume and space velocity. Desirable concentrations of ballast gases can be in the range of 30 
to 90 mol% of the total feed gas mixture, depending on the explosive limits of the gas mixture employed. Dis- 
advantages to the use of methane or ethane are hydrocarbon purification costs to eliminate sulfur and higher 

20 paraffinic hydrocarbons, loss of hydrocarbons through venting of argon and other materials that build up in 
the process, lower steam generation due to higher heat losses in cycle gas leaving the reactor, and possible 
safety concerns associated with vapor clouds as a result of rupture-disk failure or equipment damage. Ethane 
ballast has the additional disadvantage of requiring too much organic halide inhibitor to moderate the reaction; 
this can cause severe corrosion in the manufacturing unit and pollution problems. 

25 In U.S. 3,11 9,837 (January 28, 1 964) Shell Oil discloses a process wherein methane is used as the ballast 

gas and is added to the feed to the reaction zone in an amount sufficient to maintain a methane concentration 
of at least 1 5 mol%. A related Shell patent is German DE1,254,137 (July 8, 1968). 

In BE-A-707,567 (June 5, 1968) to Halcon International, similar benefits are claimed for the use of an 
ethane ballast. 

30 GB-A-1 ,382,099 to Halcon (January 29, 1975) discloses processes for ethylene oxidation using various 

mixed-gas ballasts containing primarily ethane and carbon dioxide. The concentration of ethane is maintained 
in the range of 10 to 70 vol%. The concentration of carbon dioxide in the reaction mixture is maintained at a 
level greater than 10% but not more than 70% by volume. 

GB-A-1 ,191 ,983 to Societa Italiana Resine (May 13, 1970) discloses a process for preparing ethylene ox- 

35 ide by catalytic oxidation of ethylene with oxygen in the vapor phase at high temperature (250 to 320°C) and 
1 to 30 atm. pressure. Substantially pure ethylene and oxygen, separately or premixed without gaseous dilu- 
ents, are introduced into the reactor. The ethylene constitutes more than 86% by volume of the gases entering 
the reactor. The oxygen comprises only about 4 to 6% of the feed gas. The examples demonstrate only a binary 
gas mixture; no inert "ballast" is used. Presumably some reaction products would eventually build up in such 

40 a system, and change the initial gas concentrations. The operating temperatures of U.K. 1 ,1 91 ,983 are 40 to 
60°C above those which will be demonstrated as possible employing the improved process herein disclosed. 
The improvement in operating temperature, aside from the additional advantages, will indicate the instant in- 
vention is a superior process. 

EP-A-357,292 (March 7, 1990) to ICI suggests that ethylene ballast could be used under a unique set of 

45 conditions in which a nitrogen oxide promoter is required. A process is disclosed in which ethylene oxide is 
produced by contacting a gas stream comprising ethylene and oxygen with a silver-containing catalyst, which 
is also contacted with a chlorine-containing reaction modifier and an oxide of nitrogen selected from N0 2 , N 2 0 4 , 
N0 2f and N 2 0 3 by means of the gas stream, which may contain from 35 to 92% by volume of ethylene. In this 
process, the source of oxygen can be air, oxygen-enriched air, or oxygen from liquid air separatidn. Adistinction 

50 between EP-A-357,292 and the instant invention is that ICI claims that the nitrate or nitrite forming oxides of 
nitrogen are necessary to produce certain process improvements; the invention disclosed herein shows that 
no such oxide of nitrogen is necessary. 

To one not skilled in the art, it might seem obvious to use ethylene ballast in ethylene epoxidation. Ethylene 
has a high heat capacity, which suggests that it could be used with relatively high oxygen concentrations in a 

55 fuel-rich system without danger of ignition, provided that the mixture composition is well within the fuel-rich 
region of the flammability curve. Ethylene should also contribute to increased selectivity. Despite this analysis, 
there historically have been technical problems which have made ethylene ballasts impractical on a commercial 
scale. One of the biggest obstacles has been with respect to loss of ethylene by venting of impurities that build 
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up in the cyclic process. 

Ethylene epoxidation can be accomplished by means of an air-based or oxygen-based process. In an air- 
based process, oxidation can be carried out by employing oxygen-nitrogen mixtures, preferably air. In the proc- 

5 ess, unreacted gases may be recycled to the reactor, but the extent of this recycle is limited by the necessity 
of removing excess nitrogen, which continuously increases as air is added to the oxidation reactor. When ni- 
trogen is removed, an appreciable portion of the unreacted gases are lost with the nitrogen. In order to limit 
the loss of ethylene under these conditions, the withdrawn gases are mixed with air and passed through one 
or more additional oxidation reactors in the presence of the silver catalyst under rather drastic conditions; how- 

10 ever, this appreciably increases the manufacturing costs. Another disadvantage is that an unsatisfactory rate 
of conversion is observed, even though fairly good selectivity can be demonstrated. 

In all reactors, as nitrogen is vented, some ethylene is lost through the vent as well. With the reactors em- 
ploying older processes, including air-based processes, a large amount of nitrogen had to be vented and it was 
impossible not to lose a large amount of ethylene. Therefore, high concentrations of ethylene in the feed gas 

15 mixture were not practically feasible. 

In addition, there are major differences in purging between air-based and oxygen-based processes. The 
air-based process requires a substantial purge stream and a staged reaction- absorption system. With the oxy- 
gen-based system, there is a reduction in the amount of inert gases introduced into the closed cycle, resulting 
in almost complete recycle of the unconverted ethylene. However, carbon dioxide is formed and must be re- 

20 moved on a continuous basis. Process vents are also required to prevent accumulation of argon in the recycle 
gas. Argon is a major impurity in an oxygen supply derived from cryogenic separation of air components. In 
spite of this purge, the total vent stream in an oxygen-based process is much smaller than in an air-based unit. 
The operation of the main reactor in an oxygen-based process can be at much higher ethylene concentration 
than that possible in an air- based process. The small purge gas flows in an oxygen-based system operated 

25 with high-purity oxygen make it more feasible to use fuel- rich ballast systems rather than nitrogen. These dilu- 
ents facilitate the use of higher oxygen concentrations in the recycle and, therefore, improved selectivity and 
productivity. 

With the more modern reactors or with modifications to the unit gas-venting system, it is now possible to 
reevaluate what feed gas mixtures could reasonably be used to promote optimal reaction conditions and im- 
30 prove catalyst performance. It is now more practical than in the past to use the cycle gas vents to selectively 
purge nitrogen and argon through the use of membrane separation, pressure-swing absorption, or a combin- 
ation of both without losing significant amounts of the most expensive raw material, ethylene. 

It is an object of the present invention to use a lower temperature in an ethylene epoxidation process. It 
is a furtherobject to reduce the requirement for methane ballast. It is a further object to avoid the use of oxides 
35 of nitrogen in the process. With the improved invention described herein, it is now possible to have the afore- 
mentioned objects solved in a process which provides slightly higher selectivities as well. 

According to the present invention there is provided a process for the production of ethylene oxide wherein 
ethylene is reacted with oxygen in a mol ratio of ethylene to oxygen of at least about one, in the presence of 
a silver metal catalyst and halide gas phase inhibitor, at a pressure of about 200 to 300 psig in a reaction zone, 
40 characterised by the introduction into the reaction zone of a feed gas mixture comprising: 
30 to 90 mol% ethylene, 
0 to 55 mol% methane, 

0 to 15 mol% one or more inert, non-hydrocarbon gases 
or mixtures thereof, 

45 0 to 1 0 mol% carbon dioxide, 

2 to 10 mol% oxygen, 

1 to 50 ppm organic halide gas phase inhibitor, the temperature in the reaction zone being maintained 
between 180 and 350°C. 

The need for methane, which requires costly purification facilities, is substantially reduced, while essen- 
50 tially providing all the benefits ascribed to methane when used as the principal component of a ballast gas. 

Figure 1 graphically illustrates the effects of feed ethylene concentration on operating temperature and 
the effects of feed ethylene concentration on catalyst selectivity employing the factors of Example 1. Figure 
2 graphically illustrates the effects of feed ethylene concentration on operating temperature and catalyst se- 
lectivity employing the factors of Example 2. 
55 This invention comprises a process for reacting et hylene and oxygen over a silver-based catalyst and about 

1 to 50 ppm halide gas phase inhibitor at a temperature from about 180 to 350°c and a pressure from about 
1380 to 2070 kPa gauge pressure (gp) (200 to 300 psig) using as a ballast gas about 30 to 90 mol% ethylene. 

As discussed above, there are a number of reasons why one of ordinary skill in the art would have previ- 
ously viewed such a process as impractical. Factors such as, for example, loss of ethylene while venting ni- 
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trogen or argon, ethylene polymerization, contamination and other side reactions, as well as safety consider- 
ations. The present day, high-quality feed materials, advanced materials of construction, and improved clean- 
ing/ passivation procedures would all contribute to the success of this new art as an industrial process. Stan- 

5 dard, industrial grade methane and ethylene may be used, preferably with pre- purification using sulfur guard 
beds that are well-known to those skilled in the art. Oxygen employed as reactant is preferably obtained from 
air using a suitable separation means, such as cryogenic distillation or pressure-swing absorption processes. 
The oxygen-containing feed gas suitably has an oxygen concentration of at least 2 mol%, and preferably from 
about 4 to 8 mol%. Particularly- preferred is a concentration from about 7 to 9 mol%. The amount of oxygen in 

10 the oxidation zone of the reactor may vary within the scope of the invention, but must not exceed the flammable 
limit. 

Diluent materials such as, for example, nitrogen, carbon dioxide, argon, methane, etc. may be present in 
small amounts. Such diluents may be introduced into the system from outside, or may accumulate as a result 
of reaction processes in the reactor. These materials are normally allowed to recycle until they build up to un- 

15 wanted proportions, then are vented. Carbon dioxide in particular is removed by absorption into a suitable ab- 
sorbent material, then discharged from the process by manipulating pressure and/or temperature in a desorber 
vessel. It is preferred in this process to keep the non -hydrocarbon, non-reacting components at suitably low 
levels by venting or by absorption/ desorption processes so that the feed gas oxygen concentration is well out- 
side the flammability range, but well inside the fuel-rich region. The amount of carbon dioxide in the reactor 

20 feed gas is desirably below about 10 mol%, preferably from 2 to 6 mol%, and most preferably below about 4 
mol%. The amounts of argon plus nitrogen are suitably below about 15 mol%, preferably below about 10 mol%, 
and most preferably below about 6 mol%. 

In processes that use molecular oxygen derived from cryogenic separation of air components, small 
amounts of argon are always present, and these accumulate with time to levels approaching about 15 mol%. 

25 It is extremely important in hydrocarbon ballast processes to keep the non-hydrocarbon components at low 
levels to avoid the presence of flammable mixtures, and to keep the feed oxygen concentration at the highest 
possible level to attain maximum unit productivity. Nitrogen is no longer an essential component of ethylene 
oxide ballast gas processes where operation is on the fuel-rich side of t he explosive range. High carbon dioxide 
levels have been shown to be undesirable, in that they lower selectivity and increase the operating temperature 

30 required for a fixed ethylene oxide productivity. Carbon dioxide removal technology has improved to such a 
degree that it is now possible to keep levels at or below 4 mol% in the reactor recycle gas, by using hot car- 
bonate absorbents containing activators to increase efficiency. Liquid-film membranes employing high- 
capacity amine absorbents, which retard amine entrainment into the cycle gas stream, may be used in con- 
junction with the instant invention. 

35 The disadvantages to having argon in an ethylene oxide manufacturing process have long been known 

[U.S. 3,083,213 to Shell Oil Company, March 26, 1963 ]. It is now technically feasible to selectively remove 
argon impurities from the more expensive hydrocarbons, such as ethylene and methane, with semi-permeable 
organic or ceramic membranes. Accordingly, the cycle gas vent originally used to purge argon from the system 
can now be modified with selective membranes to concentrate and purge argon, while retaining a larger pro- 

40 portion of the more expensive hydrocarbons, particularly ethylene. Pressure-swing absorption under cryogen- 
ic conditions may also be employed to aid in concentrating and removing argon, while retaining hydrocarbons. 

Even though ethylene has a wider flammability range in air than does methane, its possible requirement 
for a lower inlet oxygen concentration than permitted with methane ballast may be compensated for by adding 
some ethylene and/or methane directly to the reactor outlet to further reduce the oxygen concentration at that 

45 point where a flammable condition is likely to develop. This step will then permit a corresponding increase in 
oxygen concentration at the reactor inlet. 

It is important to note that cleanliness must be maintained in an ethylene ballast system, particularly with 
respect to iron rust or iron compounds that could cause excessive polymerization or oxidation of ethylene or 
ethylene oxide. 

50 Catalysts employed in the process of the invention comprise any of the silver metal- containing catalysts 
disclosed in the art capable of catalyzing the controlled oxidation of ethylene with molecular oxygen to ethylene 
oxide. These comprise the catalysts consisting essentially of silvermetal upon a suitable support. Suitable sup- 
ports include, for example, any of the siliceous and aluminous support materials. Particularly suitable catalysts 
are those consisting essentially of silver metal and promoters on low surface area supports containing alpha 

55 alumina along with minor proportions of silica, silicon carbide, and other refractory materials. However, the 
present invention should not be considered limited to the use of any specific silver metal- containing catalyst. 

Halide compounds may be used in many ethylene oxide processes as gas phase inhibitors to suppress 
the undesirable oxidation of ethylene to carbon dioxide and water, although not significantly altering the main 
reaction to ethylene oxide. The inhibitor is usually an alkyl or alkylene halide, such as ethyl chloride or ethylene 
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dichloride. Other organic halides can be used as well. A considerable amount of Inhibitor is required for ethane 
ballast, and for any ballast process where the ethylene contains a substantial amount of ethane or light par- 
affinic hydrocarbons other than methane. Ethyl chloride was employed in the instant process. In the instant 
5 process, good results were obtained using two to three times the typical amounts of halide required for a me- 
thane ballast. A desired concentration was about 2 to 50 ppm, whereas a preferred concentration was about 
2 to 25 ppm. 

The process of the invention is executed with a relatively high concentration of ethylene ballast in the total 
charge to the reaction zone. Ethylene may constitute, for example, from about 30 to 90 mol% of the feed to 

10 the oxidation zone. A concentration of ethylene in the reactor feed of from about 35 to 80 mol% is preferred, 
and 40 to 75 mol% is particularly preferred. Higher or lower ethylene concentrations may, however, be used 
within the scope of t he invention. Maintaining a specifically desired ethylene concentration is facilitated by con- 
trolled addition of some methane as a ballast adjustment, up to about 40 moi% of the gas feed and by control 
of the amount of materials such as, for example, nitrogen, carbon dioxide, argon, etc. recycled from within the 

15 system. In any case a lower mol% of methane would be employed, corresponding to the goal of reducing the 
necessity of methane purification. 

The temperature is suitably in the range of 180 to 350°C, preferably 200 to 300°C, and most preferably 
215 to 270°C. The examples demonstrate temperatures between 215°C and 240°C. The pressure is suitably 
in the range from 690 to 2760 kPa gp (100 to 400 psig), and preferably from 1380 to 2070 kPa gp (200 to 300 

20 psig), most preferably 1515 to 1900 kPa gp (220 to 275 psig). The space velocity is chosen according to how 
much production is desired, and is preferably in the range of 2000 to 8000 volumes (or weight) of gas per vol- 
ume, (or weight) of catalyst per hour. These ranges of conditions are those most typically used in current com- 
mercial production of ethylene oxide. 

In the examples that follow, the use of an ethylene ballast was demonstrated to provide good results and 

25 allow efficient catalyst performance in terms of both selectivity and operating temperature. No ethylene poly- 
merization was observed. No abnormal aldehyde level was observed. It did not appear that the high ethylene 
concentrations resulted in any significant side reactions. The test equipment used in the examples below were 
tubular, stainless-steel reactors designed to operate with seven grams of catalyst as whole pellets in an iso- 
thermal system. The gas mixtures were metered and blended using thermal mass flow controllers. The reactor 

30 feed and effluent streams were analyzed using a quadrupole process mass spectrometer. Catalyst selectivities 
to ethylene oxide were calculated from two averaged selectivities; one based on carbon dioxide and ethylene 
oxide, and the other on oxygen and ethylene oxide. 

It is understood that the following examples are intended only to be illustrative and are not meant to limit 
the invention in any way. 

35 

EXAMPLE 1 

Catalyst A was a typical, modern silver-based catalyst for the epoxidation of ethylene. The feed streams 
consisted of 30-75% ethylene, 8% oxygen, 6% carbon dioxide, 1-3% argon, 2-6 ppm ethyl chloride, and bal- 
40 ance methane. The feed flow rate was slightly greater than 300 seem (standard cubic centimeters per minute) 
and reactor pressure was 1720 kPa gp (250 psig). 

Production of ethylene oxide was kept constant at 2.0% in t he effluent stream. The effects of feed ethylene 
on operating temperature and catalyst selectivity are seen in Figure 1. As an example, the hourly averaged 
data points are shown for 75% ethylene in Table I. This data was used in part to calculate overall averages in 
45 Table II, which gives an overall average data point for periods shown in Figure 1. 
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Table I. Hourly Averaged Data for Catalyst A 
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1 


73.2 
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73.3 


5.5 
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Table II. Averaged Run Data for Catalyst A 


Hours on-line 
at2%E0 


Mol % Ethy- 
lene in Feed 
Stream 


Average Tempera- 
ture (C) 


Average % Selectivi- 
ty 


ppm Ethyl Chloride 


15 


30.6 


236.8 


79.7 


2.5 


19 


45.1 


232.4 


80.3 


3.1 


20 


74.5 


230.1 


80.8 


5.5 



50 EXAMPLE 2 

Catalyst B was an experimental, improved silver-based catalyst for the epoxidation of ethylene. The feed 
streams consisted of 30-75% ethylene, 8% oxygen, 6% carbon dioxide, 1-3% argon, 3-7 ppm ethyl chloride, 
and balance methane. The feed flow rate was slightly greater than 300 seem and reactor pressure was 1720 
55 kPa gp (250 psig). Production of ethylene oxide was kept constant at 2.0% in the effluent stream. The effects 
of feed ethylene on operating temperature and catalyst selectivity are seen in Figure 2. The data from this graph 
was used to calculate the overall averages given in Table III. 
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Table III. Averaged Run Data for Catalyst B 


Hours on-line 
at 2% EO 


Mol % Ethy- 
lene in Feed 
Stream 


Average Tempera- 
ture (C) 


Average % selectivity 


ppm Ethyl Chloride 


17 


30.3 


229.9 


82.2 


4.0 


20 


60.4 


223.9 


82.8 


3.4 


20 


74.8 


218.8 


83.0 


6.6 



SIGNIFICANCE OF RESULTS 

15 

An ethylene level of about 30% in the feed represents a typical "methane" ballast operation. When the 
average selectivities and operating temperatures are compared between a methane ballast containing 30% 
ethylene, and an ethylene ballast containing 75% ethylene, it is seen from Tables I and II above that the ethy- 
lene ballast offers slight improvements in selectivity and significant improvements in operating temperature. 

20 The increases in selectivities are not altogether unexpected, since more of the reactant was present; however, 
the significant decreases in operating temperatures, about 7° for Catalyst A and 11° for catalyst B, suggest 
that use of ethylene ballast, when compared with methane or nitrogen ballasts, could extend the useful lifetime 
of a catalyst. Also, it should be noted from the above Tables I and II that even levels of 45% and 60% ethylene 
in the feed result in improved catalyst performance when compared with the typical methane ballast condi- 

25 tions. 



Claims 

30 1. A process for the production of ethylene oxide wherein ethylene is reacted with oxygen in a mol ratio of 
ethylene to oxygen of at least about one, in the presence of a silver metal catalyst and halide gas phase 
inhibitor in a reaction zone characterised by the introduction into the reaction zone of a feed gas mixture 
comprising: 

30 to 90 mol% ethylene, 
35 2 to 10 mol% oxygen, 

1 to 50 ppm organic halide gas phase inhibitor, the temperature in the reaction zone being main- 
tained between 180 and 350°C. 

2. A process as claimed in Claim 1 wherein 35 to 75 mol% ethylene is present in the feed mix. 

40 

3. A process as claimed in Claim 1 or Claim 2 wherein from 0 to 55 mol% methane is present in the feed 
gas. 

4. A process as claimed in any one of Claims 1 to 3 wherein from O to 10 mol% argon is present in the feed 

9as - 

5. A process as claimed in any one of Claims 1 to 4 wherein from 4 to 8 mol% oxygen is present in the feed 
gas. 

6. A process as claimed in any one of Claims 1 to 5 wherein the halide gas phase inhibitor is ethyl chloride. 

50 

7. A process as claimed in any one of Claims 1 to 6 wherein from 2 to 6 mol% carbon dioxide is maintained 
in the reactor recycle gas. 

8. A process as claimed in any one of Claims 1 to 7 wherein methane and/or ethylene introduced into the 
5 5 feed gas is added at the reactor outlet. 

9. A process as claimed in any one of Claims 1 to 8 wherein argon is selectively concentrated and purged. 
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Figure 1 

Effect of Feed Ethylene Concentration 
upon Temperature - Catalyst A 
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Figure 2 

Effect of Feed Ethylene Concentration 
upon Temperature - Catalyst B 
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